Three colonial variants of Acttnobacillus actinomvcetemcornitans, which formed transparent rough (TR)-, transparent smooth (TS)-, and opaque smooth (OS}-surfaced colonies, were described in relation to their fimbriatioa. TR-and TS-cells were adhesive to agar and glass surfaces but not the OS-cells. The examination by electron microscopy revealed that TR-cells were highly fimbriated but not TS-anu OS-cells. Thus, TS-cells seemed to be an intermediate type. The fimbriae were isolated from TR-cells by suspending in 0.15 M ethanolamine-HCI buffer (pH 10.51 and purified by dissolving non-fimbrial components in 0.5% deoxycholate and 0.7~ n-octyl-fl-o-glucopyranoside. The relative molecular mass of the , fimbrial subunit protein was 54 000,
INTRODUCTION
Actinobacillus aclinomycetemc)milans is a possible pathogen of severe human periodontitis 11, 2] .
Recently, it has been found thai the freshly isolated strains of this species possess fimbriae as a possible factor of their initial colonization on the gingival crevice and their ability to express fimbriarian was irreversibly lost after subcultures in the laboratory [3, 4] . This loss of fimbration was closely associated with the change in colonial morphology, i.e. from rough-to smooth-surfaced colonies [31.
In the previous study [5] , we also observed the same two types of colonial variants in ,4. aclinomycewmcom#ans isolates. Furthermore, in a subsequent study (T. lnouye, H. Ohta, S. Kokeguchi. K. Fuki, and K. Kato, J. Dertt. Res. 68/Special Issue/Abstract: g30, !9891, we have found another type of variant which formed colonies between rough-and smooth-surfaced. In this communication, we report in more detail the relationships between morphological characteristics and fimbriation in the three variants and the isolation of fimbriae from the strain forming roughsurfaced colonies. A. actinom)'cetemcomitans strain 310 was used in this study which was isolated from a rapidly progressive perlodontitis patient [5, 6] . The preparation of stock culture was described previously [5] . Subculturing was performed anaerobically at 37°C on brain heart infusion (BHL Difco) agar and broth or trypticase soy broth (TSB, BBL). For the isolation of fimbriae, a mineral salts-yeast extract medium (AA medium) [7] was used. Bacteria were grown aerobically at 37°C with standing in 500-ml flasks containing 200 ml medium.
MATERIALS AND METHODS
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Analytical techniques
For electron microscopy, samples were negatively stained with 1% sodium phosphotungstate (pH 7.2) and observed with a Hitachi H-800 transmission electron microscope at 100 kV. Discontinuous sodium dodecyl sulfate (SDS) polyacrylamide gel electrophoresis (PAGE) was performed in a 12.5% separating slab gel as described by Laemmli I81. Samples were boiled at 100 °C for 3 rain in a buffer containing 2% SDS and 2% 2-mercaptoethanol and subjected to SDS-PAGE. Slab gels were fixed and stained in 10% (v/v) acetic acid/45% (v/v) methanol/0.1~ (w/v) Coomassie brilliant blue R250 at room temperature for 45 min. For the preparation of antiserum, Japanese white rabbits (23 kg) were immunized with 10 mg of dried cells emulsified in incomplete Freund's adjuvant. Subcutaneous injections were repeated at 1-month intervals for a total oi' 2 injections. The procedure of immunoblotting was described previously [9] .
RESULTS AND DISCUSSION
Colonial variation
The original A. actinomycetemcomitans strain 310 formed transparent rough-surfaced (TR) colonies wlfich had star-shaped internal structure as described previously [5, 10] (Fig. 1A) . When this TR strain was repeatedly subcultured on BHI agar and broth, it yielded two types of colonial variants: transparent smooth-surfaced (TS) and opaque smooth-surfaced (OS) types (Fig. 1B) . To examine the relationship between TS and OS colonies, the cells were picked up from these two types of colonies and suhcultured separately in the same way. The TS-type cells yielded OS colonies, but the OS cells did not yield TR. Although TS-revertants were occasionally recovered from the fructose-limited chemostat cultures of the OSstrain (Ohta, Inouye, Fukui, and Kate, onpublished) , the reversion from TSo to TR-types was not observed in any agar, batch or continuous cultures. These colonial variants differed each other in their adhesiveness to agar surface and their growth form in liquid media, The TR and TS strains were strongly adhesive to agar surface, but not the OSltype one, The TR-and TS-strain grew in the form of granules attached to the glass surface of flask and no significant turbid growth was observed in the bulk of cullure~ The OS-strain was not adhesive to g~ass surface and uniformly turbid growth was observed in broth.
Electron microscopy
The electron microscopic examination revealed that TR-cells possessed abundant fimbriae but did neither TS-nor OS-cells (Fig. 2) . Large amounts of membrane vesicles were also found in TR-and TS-cells but not in OS-cells. The fimbriae of TR-15 cells were approximately 5 nm wide and several ~m long, aggregated each other and formed thick bundles as observed in gonococcal pill [11] . It is noteworthy that TS-cells were not highly fimbriated although they retained the adhesive property, suggesting the presence of non-fimbrial adhesins in TS-cells.
Isolation of /imbriae
An attempt was made to isolate the fimbriae from the TR-cells adherent to glass wall of flask in the culture on AA medium. The cells were scraped with a policeman, suspended in a phosphatebuffered saline (pH 7.0) [6] , and harvested by centfifugation. According to the procedure with gonococcal pill [I] ], th fimbfiae were isolated by suspending the cells in 0.15 M ethanolamine-HC! buffer (pH 10.5) and homogenizing on a Waring blender (Model, AM-8; Nihon Seiki Kaisha, Ltd., Tokyo, Japan) at 15 000 rev-min -~ for 4 min. The cell suspension was kept in ice water during the treatment. Intact ceils and cell debris were removed by centfifugation at 10 000 × g for 20 rain and subsequently at 25 000 × g for 30 rain. A saturated solution of (NH4)2SO 4 was added dropwise to the supernatant until a final concentration of 10% was reached. The suspension was allowed to stand overnight and the precipitate was collected. The examination by electron microscopy revealed that this precipitate was mainly composed of fimbriae. This material (crude fimbriae) was also examined by SDS-PAGE and several protein bands were seen (Fig. 3, lane 1) . The crude fimbriae were also subjected to the immunoblotting analysis with rabbit antisera to TR-and OSstrain. Although both antisera reacted with the two proteins of 30 kDa and < 18 kDa, only the antiserum to TR-strain reacted with the 54 kDa protein (Figl 4) . From this result, it was highly exp.-ci~ that the 54 kDa protein was a subunit of the fimbria. The attempts to fraetionate these proteins by a density gradient centrifugation in alkaline solution and ion exchange chromatographies were unsuccessful. The fimbfia was purified by dissolving in two detergents; deoxycholate and n-octyl-B-D-glucopyranoside since these detergents were found to dissolve selectively 30 kDa and < 18 kDa proteins. The crude fimbfiae were suspended in 51) mM Tfis-HCI buffer (pH 8.2) containing 0.5% deoxycholate and allowed to stand for 30 rain at room temperature. After centfifugation, the precipitate was treated in the same buffer containing 0.7~ n-octyl-/~-I~-glucopyranoside in the same way. This final precipitate was composed on only fimbfiae (Fig. 5 ) and in the SDS-PAGE analysis of this material, a single protein band could be seen at 54 kDa (Fig. 3, lane 2) .
It was reported that anaerobic cultivation of A.
actinomycetemcomitans enhanced its fimbriation ~nd production of three surface proteins of 115 kDa, 5:2 kDa, and < 17 kDa [12], This 52 kDa protein seems to correspond to our fimbrial subunit protein (54 kDa).
In this paper, we revealed the relationship between three types of colonies and fimbriation of A. actinomyeetemcomitans. Adhesive strains (TRand TS-type) had fimbfiae on the cell surfaces, although there were differences in quantity. In the colonization of A. aclinomycetemcomilans to the periodo,tal pocket, the role of fimbriae remains to be studied.
